Phage predation can shape bacterial populations in patients and in other environments, reducing the virulence of particular bacterial pathogens, according to several researchers who spoke during the 2015 ICAAC, held in San Diego last September. They described phages that target bacterial virulence factors, forcing the selection of bacterial mutants that are highly attenuated and easily eradicated by the host. These fındings may lead to phagebased public health strategies to prevent and control disease outbreaks, and to more effective treatments for individual patients with bacterial infections.
For example, some phages select for reduced virulence among populations of Vibrio cholerae, says Kimberley Seed of the University of Micigan in Ann Arbor. One such phage, ICP-1, targets the O1 surface antigen, the most problematic serogroup worldwide of this bacterial pathogen. When mutations arise in its O1 biosynthetic genes, eliminating expression of this phage receptor, V. cholerae can evade the ICP-1 phage. Similarly, V. cholerae evades ICP-2 phages when mutations arise in the transcriptional regulator toxR, blocking expression of the outer membrane porin OmpU receptor.
However, these mutants come with severe fıtness costs because the O1 antigen and OmpU protect wild-type bacteria against innate immune defenses of their mammalian hosts. Such mutants are attenuated up to 1,000-fold and incapable of colonizing the intestine, according to Seed. "Data suggest that variants are defective for in vivo colonization because they are more susceptible to antimicrobial peptides present in the intestinal tract," she says. "ICP-1 is particularly adept at predation of V. cholerae O1 within the human host, where the requirement for colonization and virulence necessitates the maintenance of the O1 antigen. This suggests a mechanism whereby this phage and the human host act synergistically to limit V. cholerae during infection, and perhaps how phage contribute to the overall decline of a given cholera epidemic."
Phage warfare effectively attenuates V. cholerae in its natural environment and also within humans that it infects, Seed continues. "Phage predation can signifıcantly alter the virulence potential of V. cholerae shed from patients," she says, noting that 22% of bacteria in some ICP-2-positive stool samples are severely attenuated mutants. "Adaptations to phage predation involve tradeoffs in evolutionary fıtness and provide a molecular mechanism for phage predation impacting cholera transmission and seeding of environmental reservoirs," she adds. If harnessed correctly, these phage may provide a powerful public health strategy to limit cholera outbreaks.
These principles may apply widely across bacterial species, yielding treatment strategies that bacteria cannot readily evade, according to Frank Oechslin of the University of Lausanne in Switzerland. He fınds that phageresistant Pseudomonas aeruginosa are similarly attenuated, with 50 -70% losses in infectivity. "This infectivity CURRENT TOPICS decrease is due to the loss of virulence factors that are also phage receptors: the O antigen and pilus," he says. Phage-resistant mutants emerge in vitro, where host immune defenses are absent. However, fıtness costs in vivo prevent P. aeruginosa from developing resistance in rats, resulting in successful treatment with phage of endocarditis in these animals.
Shannon Weiman is a freelance writer in San
Francisco, Calif.
RESEARCH ADVANCES

Sulfation Part of Rice Defenses; Plant Hormones Sculpt Root Microbiomes Marcia Stone
Rice plants defend against the agriculturally important bacterial pathogen Xanthomonas oryzae (Xoo) with XA21-the fırst characterized of more than 350 predicted rice immune receptors, according to Pamela Ronald at the University of California, Davis (UCD). Last year, she and her collaborators identifıed three Xoo rax genes required for activating XA21-mediated immunity in the plants that this pathogen infects. These genes suggest that tyrosine sulfation plays "a key functional role in the process," they say, calling the newly identifıed tyrosine-sulfated protein that they encode "RaxX." Details appeared in 24 July 2015 in Science Advances (2015:1:e 1500245).
Because sulfation strengthens protein-protein interactions, it could increase RaxX stability. If this is the case, it suggests that rice has currently outevolved the bacteria by using the more robust RaxX as a marker for the presence of Xoo. Rice is not the only Xooendangered plant protected by RaxX identifıcation. "In fact, we've already found RaxX [-enhanced] Xanthomonas in a number of common food crops including cassava, tomatoes, peppers, and citrus [fruits]," Ronald says.
Plant immunity studies, rice included, typically are carried out in leaves because they are so readily accessible and only lightly colonized by microbes. However, the microbe-rich plant root system where nutrients are absorbed is exposed to a large community of diverse organisms, according to Cara Haney, who works with Frederick Ausubel at the Harvard Medical School in Boston, Mass. Thus, the plant's innate immune system must distinguish between those microbes that are benefıcial while simultaneously detecting and eliminating potential pathogens, Haney says (see Microbe, November 2014, p. 448) .
Plants depend on one of several hormones to "sculpt" the microbial communities associated with roots, according to Sara Lebeis at the University of Tennessee in Knoxville, Jeffery Dangl at the University of North Carolina in Chapel Hill, and their collaborators. Three hormones-salicylic acid, jasmonic acid, and ethylene-are key regulators of innate immunity in leaves, she says.
To test whether those hormones affect root microbiomes, Lebeis and her collaborators used mutants of the plant Arabidopsis thaliana, each with altered signaling in one or a combination of these hormones, and planted them in microbe-rich, natural soil. Only the salicylic acid-defıcient mutants developed abnormal microbial communities, indicating that this particular hormone plays an important role in shaping the Arabidopsis root microbiome. Details appeared in 16 July 2015 in Science (doi: 10.1126 /science.aaa8764).
MINITOPIC
Microbiology Policy Bulletin Board
Recent developments involving microbiology and related science policy matters include:
• Officials of the U.S. Food and Drug Administration in November finalized several food safety rules, including science-based standards for growing, harvesting, packing, and holding produce; requirements for importers to verify that foreign suppliers are producing foods that meet U.S. safety standards; and a program to accredit third parties to conduct food safety audits of foreign food facilities. "Importantly, this work indicates that the structure of a plant's microbiome is under genetic control and that plants play an active role in the assembly of their root-associated [microbial] communities," Haney says. "These fındings have direct implications for the human microbiome, as salicylic acid and its derivatives are used topically for acne and orally for pain relief," adds Peter Turnbaugh from the University of California, San Francisco. "It would be fascinating to test if the use of these drugs induces similar changes in the skin or gut microbiomes as those seen in plants. More broadly, ongoing work in this area might uncover conserved host defense mechanisms that help distinguish microbial friend from foe."
Marcia Stone is a science journalist based in New York City.
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NASA Satellite Data, Modeling Reveal Global Decline of Phytoplankton Barry E. DiGregorio
Global phytoplankton declined signifı-cantly during a recent 15-year periodfalling more than 1% per year from 1998 to 2012, according to Cecile S. Rousseaux and Watson W. Gregg of the National Aeronautics and Space Administration (NASA) Goddard Space Flight Center in Greenbelt, Md. This loss will reduce the carbon dioxide that these microorganisms take from the atmosphere, they note. Details appeared 16 October 2015 in Global Biogeochemical Cycles (doi:10.1002/ 2015GB005139).
Rousseaux, Gregg, and their collaborators base these conclusions on remotely sensed observations from a NASA satellite that were interpreted by means of a biochemical ecosystem model that was developed at the Godard Global Modeling and Assimilation Offıce. The main satellite observations follow changes in color along ocean surfaces as a means for determining concentrations of plankton-associated chlorophyll, the scientists point out. The decline in diatoms is one of several regional shifts observed among four types of phytoplankton that grow in the North Pacifıc, North Indian, and Equatorial Indian Oceans.
That model simulates complex biogeochemical processes in the global oceans and enables researchers to distinguish between large diatoms and smaller phytoplankton such as coccolithophores, chlorophytes, and cyanobacteria, according to Rousseaux. "One of the motivations for assimilating satellite data is that the availability of satellite data is limited to specifıc conditions," she says. "For example, data in the Southern Ocean are only available for about half of the year at best as a result of the presence of clouds, which doesn't allow for ocean color measurements."
Rousseaux and her colleagues used the NASA sensor that flew aboard the Geo Eye OrbView-2 satellite to obtain ocean color measurements of chlorophyll. Although chlorophyll in the Northern Hemisphere was declining, they could not immediately determine what types of phytoplankton might be responsible. However, by using the model to analyze those satellite data, the researchers could distinguish between large diatoms and smaller coccolithophores, chlorophytes, and tiny cyanobacteria. "These phytoplankton groups were chosen because they grow under different conditions and have different functions in the ecosystems," she says. "Depending on the physical and nutrient conditions at any point in time and space in the model, each of the groups will grow, sink, and take up nutrients at different rates."
MINITOPIC
Ebola Update
Recent developments regarding the 2014 -2015 outbreak of the Ebola virus in West Africa include:
• As of November, the Ebola virus is no longer being transmitted in Sierra Leone, according 
